P soriasis is a chronic skin disease that is characterized by T-cell-mediated systemic inflammation 1, 2 and is associated with considerable impairment in health-related quality of life and physical and mental functioning. 3, 4 Interleukin-12 and interleukin-23 play important roles in the pathogenesis of psoriasis. 1,2 Interleukin-12 is associated with the type 1 helper T-cell (Th1) phenotype, leading to production of interferon-γ; interleukin-23 fosters the type 17 helper T-cell (Th17) phenotype and the production of interleukin-17 and interleukin-22. The shared p40 subunit of interleukin-12 and interleukin-23 is overexpressed in psoriatic skin lesions [5] [6] [7] and is linked to psoriasis in genetic studies. [8] [9] [10] Ustekinumab (CNTO 1275, Centocor) 11, 12 and briakinumab (ABT-874, Abbott Laboratories) 13,14 -monoclonal antibodies targeting the p40 molecule shared by interleukin-12 and interleukin-23 -have shown clinical efficacy in patients with psoriasis.
Although there is strong evidence supporting the efficacy of biologic therapy for the treatment of psoriasis, 15 there is a need to compare the efficacy and safety of biologic agents with those of traditional systemic therapies such as methotrexate, which is the most commonly prescribed systemic therapy for psoriasis worldwide. 16 We evaluated the efficacy and safety of 1 year of treatment with briakinumab as compared with methotrexate in patients with moderate-to-severe plaque psoriasis.
Me thods

Patients
We conducted this phase 3, multicenter, randomized, double-blind trial from May 2008 through November 2009 at 43 sites in Europe and Canada. Patients 18 years of age or older were eligible to participate if they had had psoriasis, diagnosed clinically, for at least 6 months and stable plaque psoriasis for at least 2 months; were candidates for systemic therapy or phototherapy; had at least 10% of their body-surface area affected by psoriasis; and had a score on the physician's global assessment of 3 or higher and a score on the psoriasis area-andseverity index (PASI) of 12 or higher at baseline. (Scores on the physician's global assessment range from 0 to 5, with scores of 2, 3, 4, and 5 indicating mild, moderate, severe, and very severe disease, respectively; PASI scores range from 0 to 72, with higher scores indicating more severe disease.) For additional details, see the Supplementary Appendix, available with the full text of this article at NEJM.org. Written informed consent was obtained from all patients.
Study Oversight
Abbott Laboratories sponsored the study, which was designed jointly by academic advisers and Abbott personnel. Abbott conducted the data analyses, and all the authors had full access to the data; the first author vouches for the completeness and accuracy of the data presented and of the data analyses. The first draft of the manuscript was written by a medical writer employed by Abbott, with input from all the authors. All the authors reviewed and provided feedback on all subsequent versions of the manuscript and made the decision to submit it for publication. All the authors signed confidentiality disclosures with the sponsor regarding these data.
The study protocol was approved by an independent ethics committee or institutional review board at each participating site. The protocol, including the statistical analysis plan, is available at NEJM.org. All the authors vouch for the fidelity of the study to the protocol.
Procedures
At baseline (week 0), patients were randomly assigned, in a 1:1 ratio, to receive briakinumab, administered subcutaneously at a dose of 200 mg at weeks 0 and 4 and 100 mg every 4 weeks from week 8 through week 48, or methotrexate, administered orally at a dose of 5 to 25 mg per week, plus folate, administered orally at a dose of 5 mg per week, from week 0 through week 51 (Fig. 1) . Patients in the methotrexate group received 5 mg of methotrexate at week 0, 10 mg at week 1, and 15 mg per week from week 2 through week 9. The dose of methotrexate was increased to 20 mg per week at week 10 and to 25 mg per week at week 16 in patients who did not meet the criterion of at least a 75% improvement in the PASI score or of a score on the physician's global assessment of 0 or 1. Neither the patients nor the investigators were aware of the treatment assignments. Placebo capsules that looked identical to the methotrexate capsules and folate or placebo injections to match briakinumab injections were administered to maintain the concealment of the treatment assignments.
Treatment success was defined as both an im-provement of at least 75% from baseline in the PASI score and a score on the physician's global assessment of 0 (clear; i.e., no apparent disease) or 1 (minimal disease) at week 24. Patients in the methotrexate group who met the criteria for treatment success continued to take their current weekly dose of methotrexate for the remainder of the study. At any time during the study, the safety assessor could reduce or withhold the dose of methotrexate if warranted by the development of symptoms reported by the patient, adverse events, or laboratory abnormalities or by the results of a physical examination. Patients in either treatment group who did not meet the criteria for treatment success or in whom the response was lost (i.e., had <50% improvement in the PASI score over the baseline value and a score on the physician's global assessment of ≥3) after week 24 discontinued the trial and were eligible to enroll in an ongoing open-label continuation study in which all patients receive briakinumab.
Study End Points
The primary efficacy end points were the percentages of patients with at least 75% improvement in the PASI score at week 24, a score on the physician's global assessment of 0 or 1 17 at week 24, at least 75% improvement in the PASI score at week 52, and a score on the physician's global assessment of 0 or 1 at week 52. Secondary efficacy end points included the median time to reach the end point of at least 75% improvement in the PASI score; rates of improvement of at least 50%, 75%, 90%, and 100% in the PASI score as assessed at all study visits through week 52; mean percentage improvements in PASI scores from baseline; the change from baseline in the score on the Nail Psoriasis Severity Index (in which scores range from 0, indicating no nail psoriasis, to 8, indicating psoriasis in 100% of the nail 18 ) for the nail most affected by psoriasis at baseline; and assessments of patients on the basis of the Dermatology Life Quality Index (DLQI), Patients in the methotrexate group who had at least 75% improvement in the psoriasis area-and-severity index (PASI) score and a score on the physician's global assessment (PGA) of 0 (clear; i.e., no apparent disease) or 1 (minimal disease) at week 24 maintained their current weekly dose of methotrexate through week 51. The dose was adjusted only if there were abnormalities on laboratory tests. Patients in either treatment group who did not have at least a 75% improvement in the PASI score and a score on the PGA of 0 or 1 at week 24 or in whom the response was lost (i.e., had less than a 50% improvement in the PASI score over the baseline value and a score on the PGA of 3, 4, or 5, indicating moderate, severe, or very severe disease, respectively) after week 24 discontinued the trial and were eligible to enroll in an open-label continuation study of briakinumab. To ensure that the treatment assignments were concealed, patients in the briakinumab group received placebo capsules that matched the folate and methotrexate capsules, and patients in the methotrexate group received placebo injections to match the briakinumab injections.
The which measures the effect of dermatologic diseases on the quality of life (on a scale from 0 to 30, with lower scores indicating a lesser effect on health-related quality of life). 19 The DLQI assessments included the percentage of patients with a DLQI score of 0 or 1 (indicating no effect of psoriasis), 20 the percentage of patients with a decrease of at least 5 points (a clinically meaningful reduction), 21 and mean reductions in DLQI scores from baseline.
Adverse events, laboratory data, and vital signs were assessed throughout the study. Treatmentemergent adverse events were defined as those occurring at the time the first dose of study drug was administered or any time thereafter, up to 45 days after the last dose was administered (see the Supplementary Appendix for methods related to the open-label continuation study). A follow-up call was made 45 days after the last dose of the study drug was administered.
Statistical Analysis
According to the original study plan, we estimated that with approximately 250 patients undergoing randomization, the study would have 90% power to show a greater response with briakinumab than with methotrexate (i.e., at least 75% improvement in the PASI score at week 24 in 70% of the briakinumab group as compared with 50% of the methotrexate group), at a two-sided significance level of 5% with the use of a chi-square test. However, owing to difficulties in obtaining accurate reports of the enrollment numbers in a timely manner, more than 250 patients were enrolled. With an actual enrollment number of 317 patients, the power increased from 90% to 95%.
The efficacy analyses were performed on data from the intention-to-treat population (all patients who underwent randomization). All primary efficacy comparisons were performed with the use of a two-sided Cochran-Mantel-Haenszel test with adjustment for country, at an alpha level of 0.05. We maintained the type I error rate at 0.05 by adhering to the a priori defined order of statistical hypotheses. The primary end points were ordered a priori as follows: at least 75% improvement in the PASI score at week 24, a score on the physician's global assessment of 0 or 1 at week 24, at least 75% improvement in the PASI score at week 52, and a score on the physician's global assessment of 0 or 1 at week 52. Thus, the superiority of briakinumab over methotrexate could be claimed for an end point only if briakinumab had been shown to be superior for all previous end points. Any patient with a missing score on the PASI or physician's global assessment at a visit was considered not to have had a response at that visit (imputation of no response). The last-observation-carried-forward method was used for a sensitivity analysis.
For other categorical variables, the chi-square test or Fisher's exact test (if the expected cell size was <5) was used to evaluate differences between the treatment groups. Missing values for categorical secondary end points were handled in the same way as missing values for primary end points. The median times to reaching the end points of at least 75% improvement in the PASI score and a score on the physician's global assessment of 0 or 1 were calculated with the use of the Kaplan-Meier method. The between-group difference was tested with the use of the log-rank test. Data from patients who did not have treatment success on or before week 52 were included in the analysis as censored observations, with the observation time calculated as the interval from week 0 (baseline) to the date of the last assessment of the PASI score or the last physician's global assessment.
Differences between treatment groups in the change from baseline in scores on the PASI and DLQI and in other continuous variables were analyzed with the use of analysis of covariance, with baseline value in the model. For the percentage change in the score on the Nail Psoriasis Severity Index, only patients with nonzero baseline scores were included in the analysis. Wilcoxon two-sample tests were used to compare the between-group difference in the change. For these assessments, the last-observation-carried-forward method was used in the case of missing data, and analysis as observed (i.e., no imputation) was performed as a sensitivity analysis.
The safety analyses were conducted on data from the safety population, which included all patients who received at least one dose of a study drug. Adverse events that occurred during both the 52-week trial and the open-label continuation study were summarized as the number and percentage of patients with treatment-emergent adverse events and as the number of events per 100 person-years. During the 52-week trial, the rate of adverse events was compared between treatment groups with the use of Fisher's exact test. 
R e sult s
Patients
A total of 317 patients met the inclusion criteria and were randomly assigned to briakinumab (154) or methotrexate (163) (intention-to-treat population) (Fig. 2) . Baseline demographic and clinical characteristics and disease severity were generally similar in the two groups (Table 1) ; no significant differences were seen, with the exception of the overall score on the physician's global assessment (P = 0.04). Per protocol, 17 patients in the methotrexate group required an increase in the dose to 20 mg per week at week 10, and 100 patients in that group required an increase in the dose to 25 mg per week at week 16.
Efficacy
PASI
Significantly more patients in the briakinumab group than in the methotrexate group met the criterion for the primary end point of at least 75% improvement in the PASI score, both at week 24 (81.8% vs. 39.9%) and at week 52 (66.2% vs. 23.9%) (P<0.001 for the comparison at both time points). At week 12, a total of 76.6% of the patients in the briakinumab group, as compared with 36.2% in the methotrexate group, had at least 75% improvement in the PASI score (P<0.001). The median time to an improvement of at least 75% in the PASI score was 56 days in the briakinumab group, as compared with 140 days in the methotrexate group (P<0.001). The percentage of patients who had at least 75% improvement in the PASI score was significantly greater in the briakinumab group than in the methotrexate group by week 4 and at all time points through week 52 (Fig. 3A) . (The numbers of patients available for follow-up according to study visit are shown in Table 1 in the Supplementary Appendix.) Significant between-group differences in the percentage of patients with at least 50% improvement in the PASI score were apparent beginning at week 2 ( Fig. 1A in the Supplementary Appendix), and significant differences in the percentages of patients with at least 90% improvement and with 100% improvement in the PASI score were apparent at week 8 (Fig. 3B) . The mean percentage improvement from baseline in PASI scores increased over time in both treatment groups but was significantly greater in the briakinumab group at all time points (Fig. 1B in 
Physician's Global Assessment
Significantly more patients in the briakinumab group than in the methotrexate group met the criterion of a score of 0 or 1 on the physician's global assessment, both at week 24 (80.5% vs. 34.4%) and at week 52 (63.0% vs. 20.2%) (P<0.001 for the comparison at both time points). At week 12, a total of 68.2% of the patients in the briakinumab group, * Plus-minus values are means ±SD. None of the characteristics differed significantly between the two groups with the exception of the overall score on the physician's global assessment (PGA) (P = 0.04). † Race was determined by the investigator. ‡ Scores on the psoriasis area-and-severity index (PASI) range from 0 to 72, with higher scores indicating more severe disease. § Scores on the Nail Psoriasis Severity Index (NAPSI) range from 0, indicating no nail psoriasis, to 8, indicating psoriasis in 100% of the nail. Overall scores are the sum of scores for each of the 10 fingernails. NAPSI scores were available for 115 patients in the briakinumab group and 108 in the methotrexate group. ¶ Scores on the PGA range from 0 to 5, with 0 indicating no psoriasis, 1 minimal psoriasis, 2 mild psoriasis, 3 moderate psoriasis, 4 severe psoriasis, and 5 very severe psoriasis. ‖ Scores on the Dermatology Life Quality Index (DQLI) range from 0 to 30, with lower scores indicating a lower effect on health-related quality of life. Scores on the DQLI were available for 154 patients in the briakinumab group and 162 in the methotrexate group. ** Phototherapy included psoralen and ultraviolet A (PUVA) and narrow-band ultraviolet B (UVB) therapies. as compared with 22.1% in the methotrexate group, had a score of 0 or 1 (P<0.001). Significantly more patients in the briakinumab group than in the methotrexate group had a score of 0 (clear) at week 24 (46.1% vs. 9.2%) and at week 52 (45.5% vs. 9.8%) (P<0.001 for the comparison at both time points). The median time to a score of 0 or 1 on the physician's global assessment was 69 days in the briakinumab group, as compared with 171 days in the methotrexate group (P<0.001). Significantly greater percentages of patients in the briakinumab group than in the methotrexate group had a score of 0 or 1 at each time point from week 4 to week 52 (Fig. 3C ).
The New England
Other Assessments
Baseline scores on the Nail Psoriasis Severity Index were similar in the two treatment groups (Table  1) . Mean scores for the target fingernail at baseline, week 24, and week 52 were 4.8, 2.1, and 1.2, respectively, in the briakinumab group, as compared with 4.8, 3.0, and 3.0, respectively, in the methotrexate group (P<0.001 for the change from baseline with briakinumab vs. methotrexate). More patients in the briakinumab group than in the methotrexate group had a score of 0 or 1 on the DLQI, both at week 24 (70.8% vs. 34.4%) and at week 52 (61.7% vs. 17.8%) (P<0.001 for the comparison at both time points). Similarly, significantly more patients in the briakinumab group than in the methotrexate group had a clinically meaningful reduction in the DLQI score, both at week 24 (66.2% vs. 47.9%) and at week 52 (56.5% vs. 18.4%) (P<0.001 for the comparison at both time points). Mean reductions in DLQI scores from baseline were significantly greater in the briakinumab group than in the methotrexate group at all the time points assessed (Fig. 3D) .
For all efficacy variables, sensitivity analyses performed to account for missing data yielded similar results (data not shown).
Adverse Events
During the 52-week trial, the most common treatment-emergent adverse events were nasopharyngitis, headache, diarrhea, arthralgia, and upper respiratory tract infection (Table 2 ). Diarrhea and adverse events related to the injection site occurred more frequently among patients receiving briakinumab than among those receiving methotrexate.
A total of 12 patients in the briakinumab group (7.8%) discontinued the study owing to adverse events; in the case of 5 of these patients, the adverse events were serious (gastrointestinal hypomotility coincident with legionella infection, breast cancer, breast neoplasm [intraductal carcinoma], prostate cancer, and herpes zoster). A total of 10 patients in the methotrexate group (6.1%) discontinued the study owing to adverse events; in the case of 5 of these patients, the adverse events were serious (increased hepatic enzyme levels and hepatitis, sacroiliitis, diverticulitis, erythrodermic psoriasis, and angioedema and urticaria).
A total of 14 patients in the briakinumab group (9.1%) and 10 in the methotrexate group (6.1%) had treatment-emergent serious adverse events; 7 patients had serious infections: 4 in the briakinu mab group (one case of legionella infection with candidemia and septic shock, one case of osteomyelitis, one case of herpes zoster, and one case of tonsillitis) and 3 in the methotrexate group (two cases of diverticulitis and one case of drug-induced hepatitis). The incidence rate of serious infectious adverse events was 4.1 per 100 patient-years in the briakinumab group and 2.7 per 100 patient-years in the methotrexate group.
Cancer was diagnosed in three patients in the briakinumab group (breast cancer in one patient, breast neoplasm [intraductal carcinoma] in one, and prostate cancer in one, at 276, 184, and 205 days, respectively, after the commencement of therapy). One death was reported: a patient in the methotrexate group died from an esophageal rupture. There were no reports of major cardiovascular events such as myocardial infarction, stroke, or death from cardiovascular causes.
Of the 317 patients who took part in the 52-week study, 131 in the methotrexate group and 117 in the briakinumab group enrolled in the open-label continuation study. Efficacy results from the open-label continuation study are shown in Table 2 in the Supplementary Appendix. To date, among patients receiving briakinumab continuously in both studies, the adverse-event profile in the open-label continuation study is similar to that in the 52-week trial ( Table 3 in the Supplementary Appendix). The adverse-event profile was similar in patients receiving methotrexate during the 52-week trial and patients receiving briakinumab continuously in both the 52-week trial and the open-label continuation study. A total of 154 patients have been treated with briakinumab in the two studies, representing a total of 247.6 patientyears of exposure to briakinumab. Among the patients receiving briakinumab in both trials combined, serious adverse events have been reported in 13.6% (11.3 events per 100 patient-years), serious infections in 3.2% (2.8 events per 100 personyears), and cancers in 3.2% (2.0 events per 100 person-years). Nine new serious adverse events have been reported among these patients during the open-label continuation study: one event each of ulcerative colitis, cyst, pyelonephritis, femur fracture, radius fracture, squamous-cell carcinoma, transitional-cell carcinoma, deep-vein thrombosis, and peripheral-artery occlusive disease.
Discussion
In this 52-week study, briakinumab showed significantly higher efficacy than methotrexate in reducing the signs and symptoms of moderate-to-severe plaque psoriasis. There was a nonsignificant imbalance in some adverse events; serious adverse events, adverse events leading to withdrawal from the study, serious infections, and cancers occurred more fre- quently among patients receiving briakinu mab than among those receiving methotrexate (Table 2) . This study provides insight into the maintenance of a response with methotrexate. In the methotrexate group, the percentage of patients with at least 75% improvement in the PASI score was the highest between weeks 16 and 24, supporting the selection of week 24 as an appropriate time Opportunistic infection 1 (0.6) 1 (0. * The events included are those that occurred at the time the first dose of the study drug was administered or any time thereafter, up to 45 days after the last dose was administered. † The serious adverse events were as follows: in the briakinumab group, two events of fistula and one event each of septic shock, gastrointestinal hypomotility, legionella infection, candidiasis, ankle fracture, intermittent claudication, constipation, breast cancer, osteomyelitis, prostate cancer, breast neoplasm, herpes zoster, tonsillitis, hyperthyroidism, intervertebral-disk protrusion, jaw fracture, and anaphylactoid reaction; and in the methotrexate group, two events of diverticulitis and one event each of increased hepatic-enzyme levels, hepatitis, esophageal rupture, intestinal polyp, sacroiliitis, erythrodermic psoriasis, vertigo, angioedema, urticaria, and intermittent claudication. ‡ Included are events that occurred in at least 5% of patients in either treatment group. § P = 0.04 for the comparison with methotrexate. ¶ P = 0.009 for the comparison with methotrexate. ‖ Included were any serious adverse events involving myocardial infarction, stroke, or death from cardiovascular causes. ** The death was due to esophageal rupture. point for the assessment of efficacy. After week 24, there was a relatively sharp drop in the percentage of patients in that group who had at least 75% improvement in the PASI score. It should be noted that at week 24, patients who did not have both an improvement of at least 75% in the PASI score and a score of 0 or 1 on the physician's global assessment discontinued the study per protocol; the largest decrease in the percentage of patients remaining in the study occurred between weeks 24 and 28, with more patients in the methotrexate group than in the briakinumab group discontinuing the study owing to a lack of efficacy. The rates of response with respect to both the PASI and the physician's global assessment were calculated in a conservative fashion by imputing nonresponses for patients who discontinued the study. With respect to the long-term safety of methotrexate, in previous, 16-week trials, hepatic adverse events led to discontinuation in 12 of 43 patients (28%) who received 15 mg per week 22 and in 4 of 110 patients (4%) who received a starting dose of 7.5 mg per week, which was increased to 25 mg per week if required and if the side-effect profile warranted it. 23 In the present, 52-week study, in which methotrexate was administered at a dose of 5 to 25 mg per week, 16 patients (9.8%) in the methotrexate group had liver-related adverse events, but only 2 of these patients (1.2% of all the patients in the methotrexate group) discontinued the study drug. These results suggest that initiating methotrexate at a low dose and increasing it as indicated and as tolerated may be a safe strategy for long-term use of this drug.
The New England
The incidence of serious infections was 4.1 events per 100 patient-years with briakinumab and 2.7 events per 100 patient-years with methotrexate. Although more patients in the briakinumab group than in the methotrexate group had serious infections and cancers, too few patients were enrolled in the study to draw conclusions regarding these adverse events. No serious cardiovascular events (e.g., myocardial infarction and stroke) were reported during this study, in contrast with low frequencies of such events in another trial of briakinumab 13 and in trials of ustekinumab. 11, 12, 24 One of the limitations of this study was the lack of evaluation of manifestations of psoriasis, such as psoriatic arthritis. A recent study showed that ustekinumab was effective in reducing the signs and symptoms of psoriatic arthritis 25 ; future studies are needed to evaluate the effects of briakinumab in patients with psoriatic arthritis.
In conclusion, in patients with moderate-tosevere psoriasis, briakinumab showed higher efficacy than methotrexate through 52 weeks of treatment. Serious adverse events, serious infections, and cancers occurred more frequently among patients receiving briakinumab than among those receiving methotrexate, but the differences were not significant.
